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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical disk 
in which address information is recorded as a wobble 
of a recording track, and an optical disk drive which 
records/reproduces information with respect to an 
optical disk. 

2. Description of the Related Art 

As well known, in recent years, an optical disk 
having a single-sided one-layer capacity of 4.7 GB has 
been practically used as an optical disk capable of 
recording information at a high density. For example, 
there are DVD-ROM which is an optical disk for 
exclusive use in reproduction, rewritable DVD-RAM, 
DVD-RW, and +RW . Standards of the DVD-RAM are 
described in detail in ECMA-274, 2nd Edition-June 1999, 
page 30 (internet URL: http : //www/ecma . ch) . 



The standards of the DVD-RW are described in detail in 
ECMA-330, 2nd Edition-June 1999 (page 29), internet 
URL: http: //www/ecma.ch. 

For these optical disks, an information recording 
layer is formed on a transparent substrate, a laser 
beam is focused on the layer, and the information is 
accordingly recorded/reproduced. As means for 
recording/reproducing the information, the information 
recording layer of the optical disk includes a guide 
groove called the groove. The information is recorded/ 
reproduced along this guide groove. A physical address 
is formed along the guide groove in order to specify 
a spatial position where the information is 
recorded/ reproduced. 

Here, as means for densif ication, a technique 
referred to as land-and-groove recording is used in the 
DVD-RAM. In the DVD-RAM, the information is recorded 
both in the groove which is a concave portion and 
a land which is a convex portion with respect to the 
guide groove, accordingly an interval of recording data 
in a radial direction is narrowed, and a recording 
capacity is increased. On the other hand, the physical 
address is formed by concave/convex portions, called 
prepits, on the substrate. The guide groove is 
interrupted by a portion in which the prepit is formed. 

On the other hand, the information is recorded 
only in the groove which is the concave portion of the 
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guide groove in +RW . On the other hand, modulation of 
a groove wobble (hereinafter referred to as the wobble 
modulation) is used to slightly vibrate the guide 
groove in a radial direction as means for forming the 
5" physical address. Since the physical address by the 

wobble modulation does not cut off a recording track, 
there are advantages that an area for recording user 
information is broad, that is, format efficiency is 
high and compatibility with media for exclusive use in 

10 reproduction is easily achieved. 

On the other hand, (2, 10) RLL whose shortest code 
is 3T has been used as a modulation system in the 
above-described DVD, but at present, a modulation 
system in which the shortest code of (1, 7) RLL or 

15 the like is 2T has intensively been studied as the 

modulation system for increasing a recording density 
of the user information. A slice system has been used 
as a binarizing or demodulating system of the user 
information in the DVD, but at present a PRML system 

20 capable of increasing the recording density of a signal 

by leaps and bounds has actively been studied. 

In a conventional system by which the physical 
address is recorded by the wobble modulation, when the 
wobble of the concave portion is modulated, phenomenon 

25 of a change in a width of the convex portion by 

an influence of modulation occurs. When the user 
information recorded in the convex portion is 
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reproduced, there is a problem that the change leaks as 
an offset of an amplitude direction into a reproducing 
signal . 

Therefore, in the DVD -RAM in which the signal 
5 is recorded both in the concave and convex portions, 

the address is recorded by forming the prepit, not by 
the modulation of the wobble. As a result, a user 
information recording region is narrowed in order to 
secure a prepit region. That is, there are problems 

10 that a recording capacity drops and that the guide 

groove is divided in a prepit portion and therefore 
a tracking servo for scanning a beam spot along the 
guide groove is not easily continuously operated and 
that the compatibility with the disk for exclusive use 

15 in reproduction is not easily achieved. 

Moreover, the physical address is recorded by the 
wobble modulation in +RW, but the user information is 
recorded only in the concave portion. As a result, 
the influence of the width fluctuation of the convex 

20 portion can be ignored, but it is difficult to narrow 

the interval of the signal in the radial direction 
as in the DVD-RAM, and there is a problem that the 
recording density drops. This is because the interval 
between the concave portions is smaller than that of 

25 DVD-RAM, when the density is raised in the recording 

only in the concave portion. Therefore, the amplitude 
of a tracking error signal which is information 
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reproduced from the guide groove becomes small, 
a tracking capability drops, and a narrow concave 
portion is low in manufacturing properties. 

On the other hand, as the technique for increasing 
5 the recording density, a modulation system including a 

2T code, which has intensively been studied at present, 
or a demodulation system in which the information of 
the amplitude direction such as PRML is used to carry 
out demodulation has a disadvantage that the system is 

10 weak against the offset of the amplitude direction. 

BRIEF SUMMARY OF THE INVENTION 
According to one aspect of the present invention, 
there is provided an information recording medium 
comprising: a guide groove via which information is 

15 recorded/reproduced with respect to an information 

recording region. The information is formed as a 
recorded mark both in concave and convex portions of 
the guide groove, management information including 
address information is recorded by a wobble of 

20 the guide groove, and the wobble is formed in such 

a manner that an offset of an amplitude direction of 
a reproducing signal of the recorded mark generated by 
the wobble of the guide groove is 5.5% or less of an 
amplitude of the reproducing signal. 

25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 



illustrate embodiments of the invention, and together 
with the general description given above and the 
detailed description of the embodiments given below, 
serve to explain the principles of the invention. 

FIG. 1 is a diagram showing a constitution of 
an optical disk drive according to one embodiment of 
the present invention; 

FIG. 2 is a diagram showing a constitution example 
of a four-division PD; 

FIG. 3 is a diagram showing a constitution of 
a track formed on an optical disk; 

FIG. 4 is an enlarged view of the track formed 
on the optical disk; 

FIGS. 5A to 5C are enlarged views of the track 
seen from above, showing sum and difference signals of 
a reproducing signal; 

FIGS. 6A and 6B are diagrams showing frequency- 
modulated and phase-modulated wobbles; 

FIG. 7 is a diagram showing a constitution 
example of a demodulation circuit of physical address 
information; 

FIG. 8 is a diagram showing a constitution example 
of an information recording region of the optical disk; 

FIG. 9 is a diagram showing a constitution of 
the information by wobble modulation; 

FIG. 10. is a top plan view of the phase-modulated 
track; 



FIG. 11 is a diagram showing a sum signal of 
a land track; 

FIG. 12 is a top plan view of the disk in which 
user information is recorded in both tracks; 

FIG. 13 is a diagram showing a sine offset 
generated in an RF signal including the user 
information; 

FIG. 14 is a diagram showing a four-value phase 
modulation of the wobble by use of phases of 0, 90, 
180, and 270 degrees; 

FIG. 15 shows a wobble in a case where a maximum 
phase difference Pmax of adjacent tracks is reduced 
down to 90 degrees; 

FIG. 16 is a diagram based on experiment results 
showing a relation between an offset amount of the RF 
signal and a demodulation error ratio in demodulating 
the user information from the RF. signal; 

FIG. 17 is an explanatory view of a standardized 
RF signal offset; 

FIG. 18 is a diagram showing a relation between 
a radial tilt of the disk and the demodulation error 
ratio of the RF signal; 

FIG. 19 is an explanatory view of a wobble track 
amplitude WTpp, track pitch, and groove interval WG; 

FIG. 20 is a diagram based on computer simulation 
results showing a basic track width TW, minimum track 
width, and maximum track width; 



FIG. 21 is a diagram based on the computer 
simulation results showing a relation between a track 
width fluctuation amount and the offset amount of the 
RF signal; 

FIG. 22 is a diagram showing a relation between 
a wobble track amplitude and the standardized wobble 
signal amplitude; 

FIG. 23 is a diagram based on the experiment 
results showing the standardized wobble amplitude; 

FIG. 24 is a diagram based on the experiment 
results showing the relation between the amplitude of 
the wobble groove and the wobble demodulation error 
ratio; 

FIG. 25 is a diagram based on the computer 
simulation results showing a relation between the 
standardized wobble signal amplitude and the wobble 
demodulation error ratio; 

FIGS. 26A and 2 6B are explanatory views showing 
a difference of the sum signal in frequency modulation 
and phase modulation; 

FIG. 27 is a diagram showing a relation between 
a standardized sum signal offset and track width 
fluctuation amount; 

FIG. 28 is a diagram showing a constitution of 
an optical disk medium manufacturing device according 
to one embodiment of the present invention; and 

FIG. 29 is a flowchart for preparing an optical 
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disk medium. 

DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of the present invention will 
hereinafter be described in detail with reference to 
5 the drawings . 

FIG. 1 shows a constitution of an optical disk 
drive according to one embodiment of the present 
invention. For the optical disk drive of the present 
invention, a laser light emitted from a pick up head 

10 (PUH) 1 is focused on an information recording layer 

of an optical disk to record/reproduce information. 
The light reflected by the disk is again transmitted 
through an optical system of the PUH 1, and detected as 
an electric signal by a photo detector (PD) . 

15 The PD is divided into two or more, a . signal 

obtained by adding outputs of devices is referred to 
as a sum signal, and a signal obtained by subtraction 
is referred to as a difference signal. Especially, 
the sum signal obtained by adding high-frequency 

20 information such as user information is referred to 

as an RF signal. A signal obtained by subtracting 
an output signal of each device disposed in a radial 
direction with respect to the optical disk is referred 
to as a radial push/pull signal. FIG. 2 shows an 

25 example of a four-division PD. The signal obtained by 

adding all the output signals of four devices is the 
sum signal, and a result obtained by adding the output 



signals of two devices and subtracting the added 
signals forms the difference signal. This difference 
signal is especially referred to as the radial 
push/pull signal. 
5 The detected electric signal is amplified with 

a preamplifier, and is outputted to a servo circuit 2, 
RF signal processing circuit 3, and address signal 
processing circuit 4. 

In the servo circuit 2, servo signals indicating 

10 focus, tracking, tilt, and the like are generated, 

and the respective signals are outputted to focus, 
tracking, and tilt actuators of the PUH 1. 

The RF signal processing circuit 3 processes 
mainly the sum signal among the detected signals 

15 to reproduce information such as recorded user 

information. Examples of a demodulation method in 
this case include a slice system and PRML method. 

In the address signal processing circuit 4, the 
detected signal is processed to read physical address 

20 information indicating recording positions on the 

optical disk, and the information is outputted to a 
controller. A controller 5 reads the information such 
as the user information of a desired position based on 
the address information, or records the information 

25 such as the user information in the desired position. 

In this case, the user information is modulated into 
a signal suitable for optical disk recording in 
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a recording signal processing circuit 6. For example, 
modulation rules such as (1, 10) RLL and (2, 10) RLL 
are applied. A laser driver (LDD) 7 supplies a laser 
driving signal to the PUH 1 in response to a signal 
5 modulated by the recording signal processing circuit 6. 

For the PUH 1, light is emitted from a semiconductor 
laser (not shown) in response to the laser driving 
signal, and the optical disk is irradiated with a light 
beam. 

10 The optical disk of the present invention includes 

a guide groove called a groove in an information 
recording area in an information recording layer on 
a transparent substrate. The guide groove is referred 
to as a track, and the information is record/reproduce 

15 along this track. There are a spiral type track 

continuously connected to the outside from the inside 
as shown in FIG. 3, and a concentric circle type track 
formed of a plurality of concentric circles although 
not shown. 

20 FIG. 4 shows an enlarged view of the track. 

The track is formed by concave and convex portions of 
the information recording layer, one portion is 
referred to as the groove, and the other portion is 
referred to as the land. In the optical disk of 

25 the present invention, the information is recorded as 

a recorded mark both in the land and groove to 
increase a recording density of the radial direction. 



Furthermore, in the present invention, an amplitude 
drop of the radial push/pull signal for use as a 
tracking error signal for scanning a beam spot along 
the track is suppressed, and the tracking is 
facilitated. 

FIG. 5A shows a diagram of the track seen from 
above. The track of the optical disk of the present 
invention slightly meanders in the radial direction. 
This track is referred to as the wobble track. When 
the focused beam spot is scanned along the wobble 
track, the beam spot substantially travels straight 
through a center of the wobble track, because a 
frequency of the wobble is higher than that of a band 
of a tracking servo signal. At this time, as shown in 
FIGS. 5B, 5C, the sum signal hardly changes, and the 
difference signal of the radial direction, that is, 
only the radial push/pull signal changes in accordance 
with the wobble. This will be referred to as the 
wobble signal. The wobble signal is used in adjustment 
of a rotary frequency of a spindle or is used as 
a reference of a recording clock or physical address 
information . 

In the optical disk of the present invention, 
the wobble signal is modulated to record the physical 
address information indicating a physical position of 
the optical disk in an information recording region. 

That is, as shown in FIGS. 6A, 6B, the wobble 
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imparted to the track is frequency-modulated or 
phase-modulated to record the physical address 
information. The recorded physical address information 
can be read by use of a demodulation circuit shown, for 
5 example, in FIG. 7. 

FIG. 8 shows a constitution of the information 
recording region of the optical disk. In the optical 
disk of the present invention, to specify the physical 
position on the information recording region, as shown 

10 in FIG. 8, a track number and segment number are used. 

Track numbers are attached to tracks in order to 
specify the position of the radial direction. 
Furthermore, the track is divided into a plurality of 
segments, and segment numbers are attached, so that 

15 a position of a tangential direction can be specified. 

At this time, for example, when the wobble in one 
segment is modulated, address information as position 
information can be recorded once or a plurality of 
times. The constitution of the information by the 

20 wobble modulation is shown, for example, in FIG. 9. 

FIG. 10 shows a top plan view of the phase- 
modulated track. In FIG. 10, groove tracks are 
phase-modulated. At this time, land tracks are 
noticed. The sum signal of the land track adjacent 

25 to the phase-modulated portion of the groove track is 

shown in FIG. 11. When the phases of the groove tracks 
on the opposite side of the land track to be reproduced 



are equal to each other, the sum signal of the land 
track hardly changes. However, when the phases of the 
groove tracks on the opposite sides are different from 
each other, the sum signal largely changes* This is 
because the track width of the land becomes narrow or 
thin with places in a case where the phases are 
different. This fluctuation of the track width causes 
an offset of the sum signal, that is, the RF signal. 

FIG. 12 shows a top plan view of the disk in which 
user information (recorded mark) is recorded in both 
the tracks. When the phases of the adjacent groove 
tracks are different from each other, as shown in 
FIG. 13, a large sine offset voltage (hereinafter 
referred to simply as the offset) is generated also in 
the RF signal including the user information. Here, 
when the offset of the RF signal is large, a large 
disturbance is caused during reproduction of the user 
information from the RF signal. This sine offset is 
generated, even when a relation between land and groove 
is reversed. 

A sine offset amount is determined by a phase 
difference between a wobble amplitude of one of 
adjacent groove tracks and that of the other groove 
track. When the phase difference is small, the offset 
amount of the RF signal is reduced. On the other hand, 
spindle rotation control information, recording clock 
information, and physical address produced from the 



wobble signal obtain high precision, when the amplitude 
of the wobble track is larger and a difference of phase 
for use in modulation is larger. 

In the optical disk of the present invention, 
the phase for use in the modulation of the wobble track 
is appropriately selected, and the wobble track 
amplitude is set to an appropriate value. Accordingly, 
the offset fluctuation of the RF signal is reduced to 
such a level that any problem is not caused in the 
reproduction of the user information. It is further 
possible to keep a sufficient precision of each 
information produced from the wobble signal. 

Especially in the present invention, optimum 
two types of phases are selected from a plurality of 
phases for use in usual multi-value phase modulation. 
Accordingly, the phase difference between the adjacent 
tracks is reduced, and the offset fluctuation of the RF 
signal is suppressed. 

For example, for four-value phase modulation using 
phases of 0, 90, 180, 270 degrees, as shown in FIG. 14, 
the four-value phases appear at random in usual 
modulation. Then, a state occurs in which one of 
the tracks disposed adjacent to each other indicate 
90 degrees and the other indicates 270 degrees as in 
groove tracks A and B of a second region in FIG. 14. 
In this state,, the phase difference between the tracks 
on the opposite sides is 180 degrees. Therefore, in 
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the optical disk of the embodiment of the present 
invention, the wobble is modulated in any of sets 
constantly having a minimum phase difference between 
two groove tracks disposed adjacent to the land 
5 track, that is, the sets of (0 degree, 90 degrees), 

(90 degrees, 180 degrees), (180 degrees, 270 degrees), 
and (270 degrees, 0 degree) . That is, in the optical 
disk of the present embodiment, the phase difference 
between the adjacent wobbles is limited to a value 

10 which is less than 180 degrees. In this case, as shown 

in FIG. 15, a maximum phase difference Pmax between the 
adjacent tracks can be suppressed down to 90 degrees. 
This relation is represented by the following equation. 
Pmax = 3 60/4 = 90 degrees (1) 

15 Similarly, with the use of eight-value phase 

modulation, Pmax can be suppressed to 45 degrees. 

Pmax = 360/8 = 45 degrees (2) 
Here, the track width with a maximum phase difference 
of 180 degrees fluctuates by a wobble track amplitude. 

20 Assuming that a fluctuation amount is 100%, the 

fluctuation amount of the track width for each phase is 
represented by the following equation. 
Track width fluctuation amount = 
100 x sin(Pmax/2) % (3) 

25 That is, with Pmax of 90 degrees, the amount is 

70.7%. With 45 degrees, the amount is 38.3%. When. the 
width fluctuation amount of the track is small, the 



offset amount of the RF signal becomes small. 

Next, FIG . 16 shows a relation between an offset 
amount of the RF signal (standardized RF signal offset) 
and a demodulation error ratio in demodulating the user 
information from the RF signal with the use of the 
optical disk drive of the embodiment of the present 
invention in which NA of an objective lens: 0.65, 
a laser wavelength: 405 nm, a disk substrate (surface 
cover layer) thickness: 0.6 mm, a groove interval is 
0.68 (Jin, and a data bit length is 0.13.|juti. Here, the 
present optical disk drive includes a demodulation 
circuit of a PRML system, and an error correction 
circuit by ECC, and a modulation system whose shortest 
code is 2T is used to record the user information. 
The wobble signal is recorded in phase modulation in 
which a phase difference is 180 degrees at maximum. 
That is, the above-described control of the offset 
fluctuation of the RF signal by limitation of the 
maximum phase difference between the adjacent tracks 
is not carried out. The offset amount of the RF signal 
is standardized by dividing the amount by a maximum 
amplitude of the RF signal as shown in FIG. 17. That 
is, the standardized RF signal offset is represented by 
the following equation. 

Standardized RF signal offset (NRFoff) = 
I RF signal offset amount (RFoff) |/ 

RF signal amplitude (RFpp)*100% (4) 
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A limitation of the offset of the RF signal in 
which the recording of the physical address by the 
wobble modulation and the land-and-groove recording of 
the user information are possible can be derived from 
5 the relation of FIG . 16. Usually, even when there is 

not any phase difference between the adjacent track 
wobbles or there is not any offset of the RF signal, 
the demodulated information includes some errors by 
various influences of disk noise, laser noise, servo 

10 noise, and disturbance. As a result, even when there 

is not any offset of the RF signal, the demodulation 
error ratio of the RF signal of the optical disk drive 
is about 2.0 x 10-6 (refer to error ratio a). These 
errors are corrected by error correction processing 

15 such as ECC, and are read out as correct information. 

Considering from a usual error correction processing 
capability, even when the error indicates a value about 
ten times the above-described value, the correction is 
possible with a sufficient margin. Therefore, it may 

20 be said that the offset of the RF signal may exist in 

a range in which the demodulation error ratio of the RF 
signal is ten times (refer to error ratio b) . In this 
case, the offset of the RF signal is 2.5%. That is, it 
can be said that when the offset of the RF signal is 

25 2.5% or less, the reading of the user information from 

the RF signal is not influenced. 

Here, further arrangement of physical addresses 
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by the wobble modulation is taken into consideration. 
As shown in FIGS. 12 and 13, the fluctuation of the 
track width which is a cause for the offset of the RF 
signal occurs, when the phase difference of the wobbles 
5 between the adjacent tracks exists. Therefore, even 

when the track changes, but when the information 
(wobble waveform) does not change, the offset of the RF 
signal is not generated. For the constitution of 
the physical address shown in FIGS. 8 and 9, when the 

10 track changes, the track number changes. The other 

synchronous signal, segment number, and the like change 
in the tangential direction of the track, but do not 
change in the radial direction in which the track 
number changes. When the track changes, only the 

15 track number and associated portions change. Also for 

a region in which the track number is recorded, all the 
bits indicating the track number are not reversed every 
time. Therefore, the maximum phase difference is not 
generated in all the bits. Therefore, in actual, it is 

20 possible to reduce a region in which the offset of the 

RF signal by the wobble modulation is generated to 20% 
or less of the whole. That is, even when the error 
ratio is deteriorated 50 times (see error ratio c) by 
the offset of the RF signal in the offset generated 

25 region as compared with a region including no offset, 

the error ratio can be said to be deteriorated about 
ten times in the whole recording region. Therefore, it 
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can be said that when the offset of the RF signal is 
3.6% or less, the reading of the user information from 
the RF signal is not influenced. That is, when the 
address information is recorded, the information is 
5 divided into track address information and another 

information or is otherwise restricted, and a margin 
can then be obtained. It is to be noted that this 
restriction is generally carried out. 

Moreover, an error correction bit is usually 

10 disposed during the recording of the physical address, 

and the error correction bit is determined by data of a 
track address. Therefore, the offset of the RF signal 
is generated even in the correction bit. Contrarily, 
when the correction bit is not used, a section of the 

15 RF signal offset can further be reduced to about the 

half. When the correction bit is not used, the address 
information is not corrected by a bit unit. However, 
the track continues in the optical disk of the present 
invention. Therefore, even when there is one read 

20 error of the address information, the correction is 

possible because of continuity to the previous/ 
subsequent address. Concerning the track number, since 
there are a plurality of segments in the track, the 
same track number is recorded in the same track a 

25 plurality of times. Therefore, even when there are 

several errors, the correction is possible by majority 
decision. Consequently, the correction bit is not 



necessarily required. 

On the other hand, the disturbance such as 
aberration by disk tilt or substrate thickness error 
is considered as a general parameter that influences 
the error ratio at the time of demodulation of the 
RF signal. In this case, for example, when tilt 
correction servo or aberration correction mechanism is 
used, the disturbance can be inhibited. 

FIG . 18 shows a relation between a radial tilt of 
the disk and the demodulation error ratio of the RF 
signal. Curve A shows characteristics in a case where 
there is not any tilt correction mechanism, curve B 
shows characteristics case where the tilt correction 
mechanism is disposed, and curve C shows character- 
istics in case where the error ratio of the 
characteristics B is five times. Here, assuming that 
an allowable demodulation error ratio of the RF signal 
is 10-4, a required tilt margin is a region shown by 
a bold arrow in the diagram (about ±0.2 deg) . As seen 
from the diagram, when the tilt correction mechanism is 
disposed in a recording/reproducing device, the margin 
of the demodulation error ratio of the RF signal can 
be spread by about 1.3 times as in the characteristics 
B. As a result, even when a bottom error ratio 
(characteristics B) is deteriorated about five times, 
it is possible. to correctly demodulate the user 
information . 



Therefore, even when an RF signal read error ratio 
in the region of occurrence of the RF offset by the 
wobble modulation is 1000 times that in the region 
including no offset (see error ratio d) , the ratio is 
about 50 times seen from the whole recording region 
with a devise added to the recording method of the 
address or the like. Furthermore, even when the error 
ratio is 50 times, for example, as shown in FIG. 18, 
the tilt correction servo or the aberration correction 
mechanism is used in the optical disk drive, and in 
actual the ratio becomes about ten times. Therefore, 
it is possible to correctly demodulate the user 
information with the margin. That is, as shown by 
the error ratio d of FIG. 16, it can be said that even 
when the offset of the RF signal is 5.5% or less, the 
reading of the user information from the RF signal is 
not influenced. 

Moreover, in the present embodiment, the PRML 
system data reproduction and the modulation system 
whose shortest code is 2T have been used, but the 
effect of the present invention is not limited to this. 
For example, the present invention is also effective 
for the use of a slice system and the modulation 
system whose shortest code is 3T. In this case, the 
generation amount of the error by the RF offset is 
equal or little as compared with the PRML system and 
the modulation system whose shortest code is 2T. 
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Therefore, an offset allowable value of the RF signal 
is about the same or slightly larger. This is because 
time axis information is usable, or a shortest code 
amplitude is large in this case. 
5 Next, a physical configuration of the optical disk 

which is one embodiment of the present invention will 
be described. As shown in FIGS. 12, 19, 20, the track 
is wobbled to record the physical address. Here, 
when the phase difference of the wobbles between the 

10 adjacent tracks is generated, the track width of the 

track changes. As a result, the offset of the RF 
signal is generated. Moreover, as seen from FIG. 20, 
when the phase difference between the adjacent tracks 
is 180 degrees, and when a maximum wobble track 

15 amplitude is assumed as WTpp, a track width fluctuation 

amount changes by WTpp in a spread direction and also 
by WTpp in a narrowing direction. Here, when there is 
not any phase difference between the adjacent tracks, 
the track width fluctuation amount has a width of 0, 

20 a direction in which the width broadens is assumed to 

be positive, and a narrowing direction is assumed to be 
negative. FIG. 21 shows a relation between the track 
width fluctuation amount and the offset amount of the 
RF signal with the use of the optical disk drive having 

25 the objective lens NA: 0.65, laser wavelength: 405 nm, 

disk substrate thickness: 0.6 mm, groove interval: 
0.68 |nm, data bit length: 0.13 |im, and groove depth: 



416 nm. Here, the track width fluctuation amount 
indicates an absolute value of the width change with 
respect to a basic track width TW shown in FIG. 20. 

As seen from the relation of FIG. 21, for example, 
when the land track width increases/decreases by 
0.009 [jxm] , the RF signal offset is generated by 2.5% 
(see offset h) . That is, it can be said that when the 
track width increases/decreases by 0.009 [|am] or less, 
the reading of the user information from the RF signal 
is not influenced as described in the error ratio b of 
FIG. 16. As seen from the relation shown in FIG. 20, 
when the wobble track amplitude (WTpp) is 0.009 [pirn] or 
less, the increase/decrease of the track width can be 
reduced to 0.009 [|im] or less. 

It is seen that, for example, with the increase/ 
decrease of the track width by 0.013 [|om] , the RF 
signal offset is generated by 3.6% (see offset i) . 
That is, it can be said that when the track width is 
0.013 [|im] or less, the reading of the user information 
from the RF signal is not influenced as described in 
the error ratio c of FIG. 16. That is, when the 
address information is recorded, the information is 
divided into the track address information and the 
other information or is otherwise restricted, the 
margin is secured, and the user information can be 
read. As seen from the relation shown in FIG. 20, when 
the wobble track amplitude (WTpp) is 0.013 [|jjn] or 
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less, the increase/decrease of the track width can be 
suppressed to 0.013 [|om] or less. 

It is also seen that, for example, with the 
increase/decrease of the track width of 0.02 [|om] , an 
5 RF signal offset of 5.5% is generated (see offset j). 

That is, it can be said that even when the track width 
increases/decreases by 0.02 [\xm] or less, the reading 
of the user information from the RF signal is not 
influenced as described in the error ratio d of 
•10 FIG. 16. That is, for example, when the recording 

method of the address is devised or the disturbance 
correction mechanism is added to the optical disk 
drive, the margin can be secured in reading the user 
information. As seen from the relation shown in 

15 FIG. 20, when the wobble track amplitude (WTpp) is 

0.02 [jam] or less, the increase/decrease of the track 
width can be suppressed to 0.02 [|im] or less. 

Moreover, in the present invention, the 
description has been based on the groove interval 

20 of 0.68 (am, but the present invention is not limited 

to this. In general, the influence of the width 
fluctuation of the track over the offset of the 
RF signal is proportional to the groove interval. 
Therefore, as shown by an offset h of FIG. 21, in 

25 the groove interval of 0.68 |im, the width fluctuation 

is 0.009 (am, and the RF signal offset is 2.5%. 
This relation can be standardized by a track pitch. 



That is, assuming that the groove interval is GW \xm, 
width fluctuation Y = (0.009/0.680) x GW = 0.0132 x GW 
and the RF signal offset is 2.5%. This relation is 
established. Also with width fluctuations of 0.015 |xm 
0.02 \xm, it is similarly possible to standardize 
the relation with the track pitch. That is, with 
the groove interval GWjjjti, a relation of the width 
fluctuation Y = 0.0221 x GW and the RF signal offset 
of 4.0% is established. Moreover, with the groove 
interval GW|am, a relation of the width fluctuation 
Y = 0.0294 x GW and the RF signal offset of 5.5% is 
established. That is, it can be said that when the 
fluctuation width is about 3% of the groove interval, 
the reading of the user information from the RF signal 
is not influenced as described in the error ratio d of 
FIG. 16. That is, for example, when the recording 
method of the address is devised or the disturbance 
correction mechanism is added to the optical disk 
drive, the margin can be secured in reading the user 
information. 

Next, a relation between the standardized wobble 
signal amplitude and the offset of the RF signal for 
estimating the width fluctuation amount of the wobble 
track will be described. FIG. 22 shows a relation 
between the wobble track amplitude (WTpp) and the 
standardized wobble signal amplitude. Here, the 
standardized wobble signal amplitude is obtained by 



dividing the wobble signal amplitude (WTpp) shown 
in FIG. 23 by the maximum amplitude (TEpp) of the 
tracking error signal. The maximum amplitude TEpp is 
an amplitude of the tracking error signal obtained at 
a time when the track servo is off and the beam spot 
crosses the track. 

Standardized wobble signal amplitude (NWpp) = 
wobble signal amplitude (Wpp) / 

tracking error signal amplitude (TEpp) (5) 

It is seen from the relation of FIG. 22 that 
when the standardized wobble signal amplitude is 0.045, 
the amplitude of the wobble track is 0.009 fxm (see 
amplitude k) . That is, when the standardized wobble 
signal amplitude is 0.045 or less, the wobble track 
amplitude is 0.009 |am or less. At this time, the 
width fluctuation of the track is 0.009 |im or less on 
conditions that the wobble phase difference between the 
adjacent tracks differs. Therefore, the offset of the 
RF signal is 2.5% or less, and it can be said that the 
reading of the user information from the RF signal is 
not influenced. 

Similarly, when the standardized wobble signal 
amplitude is 0.06 or less, the offset of the RF signal 
is 3.6% or less, and it can be said that the reading 
of the user information from the RF signal is not 
influenced (see amplitude 1) . That is, when the 
recording method of the address is restricted, the 
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margin can be secured in reading the user information. 

Similarly, even when the standardized wobble 
signal amplitude is 0.09 or less, that is, the 
amplitude is 9% or less of the tracking error signal 
5 amplitude, it can be said that the reading of the user 

information from the RF signal is not influenced (see 
amplitude m) . That is, when the recording method of 
the address is devised or the disturbance correction 
mechanism is added to the optical disk drive, the 

10 margin can be secured in reading the user information. 

In the present embodiment, the circuit shown in 
FIG. 7 is used to read the information such as the. 
physical address from the wobble signal. At this time, 
the larger the wobble signal amplitude is, the smaller 

15 the wobble demodulation error ratio becomes during- the 

demodulation of the physical address information or the 
like from the wobble signal. 

FIG. 2 4 shows the relation between the amplitude 
of the wobble groove and the wobble demodulation error 

20 ratio with the use of the optical disk drive of one 

embodiment of the present invention having the 
objective lens NA: 0.65, laser wavelength: 405 nm, 
disk substrate thickness: 0.6 mm, and groove interval: 
0.68 |iin. In general, when the demodulation error ratio 

25 of the address is 1.0 x 10-9 or less, the optical disk 

drive can access the desired position without any 
problem. This is because the track continues in the 



- 29 - 

optical disk. Therefore, even when there are several 
tens of read errors of the address inf ormation, the 
correction is possible from the continuity from the 
previous/subsequent address. Here, from the relation 
5 of FIG. 24, when the wobble track amplitude is 0.009 ^xm 

or more, the information such as the physical address 
can normally be read from the wobble signal (see error 
ratio n) . 

Moreover, when the address information is recorded 

10 in the same track or segment a plurality of times, or 

the disturbance correction mechanism is disposed in the 
optical disk drive, the optical disk drive can access 
the desired position without any problem even with the 
demodulation error ratio of the address of 1.0 x 10-3 

15 or less. For example, when the same address 

information is recorded a plurality of times, the 
correction is possible by the majority decision even 
with the increase of errors. That is, when the wobble 
track amplitude is 0.0035 |^m or more, the information 

20 such as the physical address can normally be read from 

the wobble signal (see error ratio p) . This value 
is standardized as 0.00515 by the groove interval 
(0.68 |xm) . Therefore, when the wobble track amplitude 
is 0.52% or more of the groove interval, the 

25 information such as the physical address is normally 

read from the wobble signal. 

Next, a relation between the standardized wobble 
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signal amplitude and the wobble demodulation error 
ratio for estimating the width fluctuation amount of 
the wobble track will be described. As described 
above, the standardized wobble signal amplitude is 
obtained by dividing the wobble signal amplitude (WTpp) 
by the maximum amplitude (TEpp) of the tracking error 
signal. From the relation of FIG. 25, when the 
standardized wobble amplitude is 0.042 or more, the 
demodulation error ratio of the address is 1.0 x 10-9 
or less (see amplitude q) . That is, when the 
standardized wobble amplitude is 0.042 or more, the 
information such as the physical address is normally 
read from the wobble signal. From the relation of 
FIG. 25, when the standardized wobble amplitude is 
0.016 or more, the demodulation error ratio of. the 
address is 1.0 x 10-3 or less (see amplitude r) . 
That is, when the standardized wobble amplitude is 
0.016 or more, the information such as the physical 
address is normally read from the wobble signal. 
Therefore, when the wobble amplitude is 1.6% or more of 
the tracking error signal amplitude, the information 
such as the physical address is normally read from the 
wobble signal. Additionally, in order to secure the 
sufficient margin, it is necessary to record the same 
address information a plurality of times or to dispose 
the disturbance correction mechanism in the optical 
disk drive. 
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The present embodiment has been described above 
with the objective lens NA: 0.65, laser wavelength: 
405 nm, disk substrate thickness: 0.6 mm, data bit 
length: 0.13 |im, and groove depth: 416 nm, but the 
5 effect of the present invention is not limited to this. 

Since the offset of the RF signal, the wobble signal 
amplitude, or the like is standardized by the RF signal 
amplitude, the maximum tracking error signal amplitude, 
or the like, the respective values of the present 

10 invention do not lose the effects even with . the change 

of NA, laser wavelength, or the like. 

Moreover, in the above-described embodiment, 
the wobble signal is recorded in the phase modulation 
having a phase difference of 180 degrees at maximum, 

15 but the effect of the present invention is not limited 

to this. As described above, the phase modulation 
having a phase difference of 90 degree at maximum may 
also be used. From the relation shown in Equation (1), 
when the maximum phase difference is suppressed at 

20 90 degrees, the track width fluctuation amount is 

suppressed at 70.7% of the groove wobble amplitude. 
That is, when the wobble groove amplitude is (100/70.7) 
times 0.02 jam, that is, 0.028 |xm or less, the track 
width fluctuation amount is 0.02 (Jin or less. At this 

25 time, the standardized RF signal offset is 5.5% or 

. less, and it can be said that the reading of the user 
information from the RF signal is not influenced (see 
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offset j of FIG. 21) . 

Moreover, instead of the phase modulation, 
frequency modulation may also be used in the 
modulation. With the use of the frequency modulation, 
as shown in FIG. 2 6A, the generated amount of the 
offset of the RF signal is smaller than that in the 
phase modulation of FIG. 26B on average. Therefore, 
even when the fluctuation of the track width increases 
by about 1.5 times that in .the phase modulation 
described above, it can be said that the reading of the 
user information from the RF signal is not influenced. 

Next, estimate of the standardized RF signal 
offset will be described. 

As shown in FIG. 10, when the wobble phases of the 
adjacent tracks differ from each other, the fluctuation 
of the sum signal can be observed even in a portion in 
which the user information is. not recorded. Here, 
a standardized sum signal offset obtained by dividing 
an offset amount of the sum signal by a level of the 
sum signal is defined. 

Standardized sum signal offset = sum signal offset 
amount/sum signal level x 100 % (6) 

FIG. 27 shows a relation between a standardized 
sum signal offset and track width fluctuation amount 
with the use of the optical disk drive having the 
objective lens NA: 0.65, laser wavelength: 405 nm, 
disk substrate thickness: 0.6 mm, and groove interval: 
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0.68 |_im. It is seen from this relation, for example, 
that the track width change amount is 0.02 jam with 
a standardized sum signal offset of 3.5%. It is seen 
from the relation of the offset j of FIG . 21 that 
the standardized RF offset is 5.5% with a track width 
change amount of 0.02 jam. That is, even before 
recording the user information, the standardized sum 
signal offset is measured. When the offset is 3.5% or 
less, it can be said that the reading of the user 
information . from the RF signal is not influenced. 
In this manner, when the relation of FIG. 27 is used, 
the standardized RF signal offset can be estimated 
without recording the user information. 

Next, a mastering device for preparing a master 
disk will be described. 

FIG. 28 shows a constitution diagram of the 
mastering device which is a part of a manufacturing 
device of an optical disk medium according to one 
embodiment of the present invention. FIG. 29 shows 
a flowchart of preparation of the optical disk medium. 
The optical disk medium of the present invention is 
prepared through steps of master disk preparation 
(ST1), stamper preparation (ST2), molding (ST3) , medium 
film forming (ST4), and attaching (ST5) . In the master 
disk preparation step (ST1), a flat master disk is 
coated with a resist, and the resist on the master disk 
is photosensitized by the mastering device of FIG. 28. 
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Further the photosensitized resist is removed by 
development to prepare the master disk including 
the concave and convex portions similarly as in the 
information recording layer of the final optical disk 
5 medium. In the stamper preparation step (ST2), the 

. master disk is plated with Ni or the like to form 
a metal plate having a sufficient thickness, and the 
master disk is peeled to prepare the stamper. At this 
time, the concave and convex portions formed on the 

10 master disk are reversed and formed on the stamper. 

Next in the molding step (ST3) , the stamper is used as 
a mold to pour a resin such as polycarbonate into the 
stamper, and a substrate is molded. At this time, 
the concave and convex portions of the stamper are 

15 transferred onto the surface of the molded substrate. 

That is, substantially the same concave and convex 
portions as those of the master disk are formed. 
Next, a recording material is formed into a film in 
the concave and convex portions by sputtering (ST3), 

20 another substrate is attached in order to protect 

a portion on which the film is formed (ST5) , and the 
optical disk medium is completed. That is, the guide 
groove including the groove, the wobble track, and the 
like are recorded by the mastering device shown in 

25 FIG. 28. 

In the mastering device of FIG. 28, a laser light 
amount of an optical system is controlled based on 
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a signal outputted to a laser driver (LDD) 14 from 
a formatter 12. The laser light beam is transmitted 
through an AO modulation unit, objective lens, and the 
like included in an optical system 15, and a master 
5 disk 19 is irradiated with the beam. The focusing of 

the irradiation light or the like is controlled by 
a servo circuit 18. Rotation or the position of 
the radial direction of the disk is also similarly 
controlled. Since a portion of the master disk 19 

10 irradiated with the light beam- is photosensitized, 

this portion forms the guide groove or the like. 
The formatter 12 outputs the signal to a wobble control 
circuit 13 based on the physical address information to 
be recorded in the optical disk. The wobble control 

15 circuit 13 controls the AO modulation unit or the like 

in the optical system 15, and can accordingly oscillate 
a spot of the light beam with which the master disk 19 
is irradiated, that is, can move the spot slightly in 
the radial direction. Here, the wobble control circuit 

20 13 is controlled in such a manner that the control 

amount of the radial direction is 0.52% or more and 3% 
or less of the guide groove interval. Then, the 
prepared optical disk can read the physical address 
by the wobble modulation, and there is provided the 

25 optical disk medium capable of reading user data from 

the RF signal. 

Additional advantages and modifications will 

i 
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readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
5 modifications may be made without departing from the 

spirit or scope of the general invention concept as 
defined by the appended claims and their equivalents. 



